A utologous breast reconstruction is considered by many to be the most elegant method of breast reconstruction. Over the past two decades, free tissue transfer has increasingly been used to achieve this goal; however, free tissue transfer carries the additional risk of microvascular compromise. Many approaches have been taken to minimize the risk of microsurgical complications including improved technique, use of the internal mammary artery as a recipient vessel and better preoperative imaging of the vascular supply of the flaps (1) (2) (3) (4) . Perforator flaps are used with increasing frequency for autologous breast reconstruction and some authors advocate that these types of flaps be the preferred approach to autologous microvascular breast reconstruction because they reduce donor site morbidity (1) (2) (3) (4) . However, achieving these benefits requires navigating the challenges of the variable anatomy of the perforator vessels (2, 4) . A perforator with sufficient calibre and length, minimum intramuscular course and a perpendicular fascia penetration pattern is considered to be ideal for microsurgical dissection (1, 2) . Until recently, Doppler ultrasonography (US) has been the standard pre-/intraoperative imaging modality used in selecting the dominant perforator(s) (2, 4, 5) . Doppler US is a simple, noninvasive procedure that does not involve intravenous contrast or radiation exposure. Unfortunately, it is time consuming and operator dependent. In addition, Doppler US lacks the resolution to predict important vessel characteristics for flap viability and has low sensitivity for detecting vessels such as the superficial inferior epigastric perforator (5) . These limitations of Doppler US led to the introduction of computed tomography angiography (CTA) in preoperative planning for flap reconstruction.
Unfortunately, the increased use of CTA is not without drawbacks. Unlike Doppler US, CTA involves the use of intravenous contrast and exposes patients to a radiation dose equivalent to approximately 6 mSV to 10 mSV, corresponding to a dose of 2.5 years of background environmental radiation or 300 to 500 chest x-rays (6) . In addition, with shrinking resources in the health system, added attention should be devoted to cost-benefit aspects of each diagnostic and therapeutic intervention. As the approach to optimal perforator breast reconstruction continues to advance, developing a consensus guideline on the responsible use of CTA as a preoperative planning tool would be valuable. As a start, we report on a survey of the current practice attitudes toward CTA use among plastic surgeons in Canada who have a special interest in breast reconstruction.
METHODS
A paper-based survey regarding the use of CTA as a preoperative planning tool in perforator flap breast reconstruction was distributed to 44 plastic surgeons in 19 different cities across Canada. The survey was conducted between August and December 2011. Chiefs and/or program directors of academic centres in Canada, with the exception of Quebec, were contacted by e-mail by the senior author and asked to compile a list of surgeons in their region who have a specialty focus on autologous breast reconstruction. This list was supplemented with a There appears to be increased use of computed tomography angiography (CTA) in the preoperative planning of autologous perforator flap breast reconstruction. Despite the advantages of providing superior anatomical detail, concerns regarding cost and radiation exposure of this technique remain. In the current study, a paper-based survey was distributed to 44 plastic surgeons with a special interest in breast reconstruction at 19 different centres across Canada to collect their perspectives and practice characteristics with respect to the use of CTA as a preoperative imaging modality in breast reconstruction. The response rate of the survey was 75%. The majority of respondents commonly use perforator flap breast reconstruction and CTA in their breast reconstruction practice. Surgeons identified particular benefits of CTA in patients who had previously undergone abdominal surgery. However, more than one-half of the overall cohort was concerned about radiation exposure associated with CTA. A review of the literature suggests that it may be worthwhile to reduce the unnecessary risks of additional radiation exposure to the breast cancer population. A prospective study may help to better define the group of patients in whom CTA will provide optimal benefits in terms of reducing perioperative microvascular morbidity.
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La tomodensitométrie vasculaire préopératoire en cas de reconstruction mammaire autologue : une perspective canadienne review of the Canadian Society of Plastic Surgeons database and a review of Canadian surgeons who had published on breast reconstruction in the past. This final list of individuals was compiled and contacted to participate. All physicians were listed as active members in the Canadian Society of Plastic Surgeons database.
Survey
The survey was developed following a comprehensive review of the literature regarding the use of preoperative imaging modalities in autologous breast reconstruction. Questions were formulated around characterizing three main areas: surgeon demographic information, respondents' breast reconstruction practice, and surgeon use of CTA and associated concerns regarding radiation in the preoperative planning of perforator free flaps.
Collected respondent data included location and type of practice, year of completion of residency training, fellowship training details and self-identified subspecialty affiliations in plastic surgery.
The mean percentage of time of a surgeon's practice spent on both breast reconstruction and free flap reconstruction were identified using five-point rating scales with ranges of <10%, 11% to 30%, 31% to 50%, 51% to 70%, 71% to 90% and >90%. Surgeons were also asked to rank the order of frequency of use of different approaches to breast reconstruction. In addition, a four-point scale, including options of never, sometimes, often and always, was used to identify whether surgeons used colour Doppler US, magnetic resonance angiography or CTA in the operative planning of breast reconstruction. If CTA was never used, the participant was asked to indicate possible reasons including availability, cost and concerns about radiation exposure. An option was also provided for participants to identify specific cases in which CTA would not be appropriate for the preoperative planning of perforator flap breast reconstruction. If a surgeon used CTA in preoperative planning, they were asked to indicate the length of time this has been a part of their practice.
Surgeons were asked to specify where CTA was used as a first-line imaging modality including the type of perforator used (eg, deep inferior epigastric perforator [DIEP] , superficial inferior epigastric artery, superior gluteal artery, inferior gluteal artery, thoracodorsal artery) and the recipient reconstruction characteristics (eg, unilateral, bilateral, immediate or delayed postmastectomy, postradiation, previous failed reconstruction) in their practice. All questions had an option to respond 'not applicable' to their practice.
The final section of the survey asked whether surgeons were aware of the scanning protocols used at their centres and whether any modifications to these protocols have been applied to reduce radiation
exposure. An open-ended question asking whether surgeons were concerned about the radiation dose associated with CTA concluded the survey.
Descriptive statistics were used to analyze the responses. All statistical analyses were performed using SPSS version 17.0 (IBM Corporation, USA).
RESULTS
Of the 44 surgeons identified as plastic surgeons with a specialty interest in breast reconstruction in Canada, 33 responses were collected, yielding a response rate of 75%. Because this response rate exceeded average response rates for mail-based surveys (7), nonresponders were not contacted for follow-up. The demographic details of the respondents are summarized in Table 1 .
Perforator free flaps were used by the majority of the surveyed surgeons performing breast reconstruction (n=29 [87.8% of respondents]). Four of the surgeons who responded (12.0%) did not use perforator flaps in breast reconstruction. Of the perforator flaps used, the DIEP flap was most commonly selected. Sixteen respondents performed perforator free flap breast reconstruction and used CTA in their preoperative work-up. Of this subset, the majority (13 of 16 surgeons [81.3%]) identified CTA as the first-line imaging modality for DIEP flaps. In addition, one-half of this subset (eight of 16 surgeons [50.0%]) identified CTA as first-line imaging in patients who had previously undergone abdominal surgery.
Of the 13 surgeons in the cohort who never used CTA in the preoperative planning of perforator free flaps, three stated that their reason was related to the radiation dose of CTA. The other surgeons (seven of 13 [53.8%]) cited availability, cost and no known decrease in donor/flap morbidity as their rationale for not incorporating CTA into their perforator flap breast reconstruction practice. Three surgeons (23.0%) did not cite a reason for not using CTA.
When asked to identify cases in which CTA would not be appropriate in the preoperative planning of breast reconstruction, several responses were provided. Some of these case examples included highrisk patients (diabetic, body mass index >30 kg/m 2 ) in which a musclesparing transverse rectus abdominus myocutaneous flap is most likely to be used, cases in which a strong Doppler signal is present, if CTA acquisition will delay surgery, in patients with previous radiation treatment or in patients who prefer to avoid radiation. The frequency of use of different imaging modalities in the planning of perforator flaps is outlined in Figure 1 .
One-half of the respondents (17 of 33 [51.5%]) were concerned about the radiation that CTA exposes their patients to, whereas a smaller portion (seven of 33 [21.2%]) were not concerned while the remainder did not respond to this question. Figure 2 shows the breakdown between surgeons' use of CTA in perforator flap reconstruction and their concern about radiation. Only five surgeons were aware of what CTA scanning protocol was used at their centre. In addition, only three surgeons were aware of any modifications to CTA protocols designed to reduce radiation exposure of CTA in the preoperative planning of breast reconstruction at their centres.
DISCUSSION
It appears that CTA is rapidly becoming the diagnostic modality of choice in delineating the vascular anatomy of perforator flaps in breast reconstruction.
The objective of the present study was to describe the prevalence of the use of CTA as a preoperative planning tool in perforator flap breast reconstruction in Canada. In addition, the perspectives of the surgeons regarding the impact of radiation exposure and choice of imaging modality were sought. We described the responses of 33 of 44 surgeons who were identified as having a practice with a specialty focus on breast reconstruction. Of the surgeons who used perforator free flaps in their practice, one-half of the cohort (16 of 29 [55.2%]) used CTA in the preoperative planning of breast reconstruction. It is, therefore, clear that among surgeons with a specialty interest in breast reconstruction, there is variability in the standard preoperative work-up. Interestingly, most of the surgeons who used CTA (10 of 16 [62.5%]) were concerned about the radiation exposure from CTA but few were aware of either the scanning protocol used at their centres or any attempts to alter protocol design to reduce radiation.
Most of the literature regarding the use of computed tomography scanning and radiation exposure focuses on the stochastic risk of developing a fatal cancer as a result of the increased radiation for diagnostic purposes (8) (9) (10) . However, over the past decade, the applications of multidectector CTA of the abdomen have expanded beyond a solely diagnostic role. Aside from the evaluation of perforators for autologous breast reconstruction, CTA is used in the preoperative planning of hepatic resections and liver transplants, the evaluation of Crohn disease or suspected mesenteric ischemia (11), as well as for the surveillance of endovascular abdominal aortic aneurysm repair (12) . With the increased use of CT across different patient populations, questions regarding associated risk permeate the literature. It is now well accepted that the largest single source of population-based radiation exposure is from ionizing radiation for medical purposes (13) .
The potential risk associated with radiation depends on many factors including the age and sex of the patient, the type of irradiation and the tissue being irradiated (8) (9) (10) 14) . The effective radiation dose describes the amount of radiation to exposed organs and each particular organ's sensitivity to develop cancer from radiation (10) . Computed tomography examinations of the abdomen include a large number of radiosensitive organs in the exposed field. Females are also known to be at an increased risk to develop a cancer secondary to radiation (9, 10) . This is particularly a concern for preoperative CTA used in the breast reconstruction population. Nevertheless, the proposed risk of radiation from CTA to the population of women receiving autologous breast reconstruction following mastectomy is subject to debate. This patient cohort has already developed a primary cancer in addition to routinely receiving much larger radiation doses, approximately 10,000 times greater than a single CTA study, as part of their treatment regimen (9) . Thus, the added exposure from a CTA study for the purposes of breast reconstruction may be perceived as a relatively small addition in this population. On the other hand, although the radiation risk associated with a single imaging test is small, albeit not insignificant, radiation risk is cumulative across a patient's lifetime. It has been calculated that each abdominal/pelvic CTA contains an effective radiation dose of 6 mSV to 10 mSV. This effective radiation dose would translate to the induction of one extra fatal malignancy for every 2000 investigations (14) . Interestingly, only three surgeons in the current study cited previous radiation treatment as a reason for not proceeding with CTA as part of the preoperative evaluation for breast reconstruction. Tracking the radiation exposure of the breast cancer population may be one way to guide decisions regarding the use of further discretionary imaging.
Most surgeons in the current study (24 of 29 [82.7%]) were not aware of the CTA protocols used at their respective institutions, or of attempts made to modify or reduce radiation exposure. From investigations in other countries, it is clear that protocols can differ widely among different institutions. For example, in a retrospective crosssectional study of 1119 patients by Smith-Bindman et al (10) , the radiation dose of the 11 most common types of diagnostic computed tomography studies were compared across four different centres in the United States. This study revealed that the radiation dose for a single study type varied up to 13-fold across the various institutions. This finding was echoed by a study performed in the United Kingdom (9), which found that large variations in effective radiation dose for a specific imaging test across different centres exist. Rozen et al (15) offered some suggestions for techniques to decrease radiation exposure including scanning in a caudocranial direction, using a 64-multidetector row protocol and using the common femoral artery as a site for bolus triggering to maximize arterial perforator filling. Whether these modifications have been adopted at Canadian institutions is not known. Therefore, a national interdisciplinary effort between radiologists and plastic surgeons may be able to help in formulating an optimal scanning protocol for the use of CTA in breast reconstruction in Canada.
Undoubtedly, CTA offers a detailed comprehensive evaluation of perforator vessels available for breast reconstruction (1, 2, 4, 15) . In previous work, the superiority of CTA compared with Doppler US with respect to providing detailed anatomical data (2, 4, 5, 15) reduced surgical time (16, 17) , and fewer complications have been reported (2, 4, 5, 15) . In a prospective study of 30 abdominal flap breast reconstructions, Scott et al (5) demonstrated that colour Doppler US was only able to predict 66.3% of dominant DIEP vessels identified by CTA. In contrast, Cina et al (2) cite an equivalent accuracy between the two imaging techniques in identifying a perforator vessel of adequate calibre. Most studies agree that CTA is superior to Doppler US in revealing detailed anatomical data such as the presence of superficial venous communication and the intramuscular course of the perforator (1,2,4,15) . The risk for flap morbidity is increased in the absence of superficial venous communication (2) . In a cohort study of 104 breast reconstructions, the use of CTA was associated with a significant decrease in the incidence of partial flap losses and donor site morbidity (2, 4) . Less error in perforator selection is also of particular importance in ensuring adequate blood supply to cases of bilateral breast reconstruction (5, 15) . The respondents in the current study identified a particular benefit for the use of CTA in patients who have previously undergone abdominal surgery, which is known to alter vascular and soft tissue anatomy (15) . However, even before the routine use of CTA in DIEP breast reconstruction, complication rates were low. A 10-year retrospective review of 758 DIEP flaps (18) found that total or partial flap loss occurs in <2.5% of cases and donor site morbidity was <5%. The most frequent complication was fat necrosis (13%) (18) . Because of the overall high success rates of contemporary free flap surgery (>95% to 98% success rates), prospective studies investigating the contribution of preoperative CTA to increased flap survival rates would require an exceedingly high number of study participants.
In the current climate of shrinking resources, the use of CTA may still have an overall benefit in terms of shortening dissection times for DIEP flap harvesting. Some studies have argued that the cost of the CTA is justified by the savings acquired by a reduction in operating time (16, 17) . However, overall, the literature is inconclusive regarding whether findings of faster operating times are truly significant (19) . Our questionnaire was not designed to investigate this aspect and, because of its methodology, would have had to rely on surgeon recall. We, therefore, are not able to draw any conclusions as to whether CTA shortens intraoperative dissection time. However, it remains to be determined whether the increased costs of the test in combination with the increased exposure to radiation outweighs this benefit. Prospective studies examining flap dissection times and reduction of peri-and postoperative complications with the use of CTA are needed.
As with any study, the present study also had some limitations, which included both nonresponse and recall biases. A 75% response rate among surgeons with an established interest in breast reconstruction does not reflect the use of CTA among the entire population of plastic surgeons in Canada. These high-volume breast reconstructive surgeons may use a protocol-like approach to their work-up of their patients. Plastic surgeons who perform breast reconstructions on an occasional basis may use fewer perforator flaps and, thus, not feel a need for the use of CTA. Despite this, it appears that even among surgeons with a recognized specialty interest in breast reconstruction and with a preference to use perforator flaps, there is variability in the use of CTA in preoperative planning. Our results also show that among surgeons who commonly use CTA for the preoperative planning of perforator flap breast reconstruction, concerns exist regarding the associated radiation exposure to patients as well as the cost of this modality. Finally, our results show that among surgeons, there is an inadequate understanding of the specific CTA protocol used in their centre. A national interdisciplinary effort to develop an optimal scanning protocol with the lowest possible radiation exposure may help in reducing radiation risk to patients. In addition, the development of a consensus guideline establishing a narrower spectrum of patients who may truly benefit from the advantages offered by preoperative CTA may be helpful in guiding preoperative planning decisions.
